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OPERATION  OF  THE 

TONTO  FOREST  SE1SMOLOGICAL  OBSERVATORY 
Final  Report,  Project  VT/2704 
Contract  F33657-72-C-0013 
1  July  1971  through  30  June  1972 


1.  INTRODUCTION 


1.1  AUTHORITY 

The  research  described  in  this  report  was  supported  by  the  Advanced  Research 
Projects  Agency,  Nuclear  Test  Detection  Office,  and  was  monitored  by  the  Air 
Force  Technical  Applications  Center  (AFTAC)  under  Contract  F336S7-72-C-0013, 
dated  1  July  1972.  The  Statement  of  Work  for  Project  VT/2704  is  included  as 
appendix  1  to  this  report. 


1.2  HISTORY 

The  Tonto  Forest  Scismological  Observatory  (TFSO)  ,  located  near  Payson ,  Ariiona, 
as  shown  in  figure  1,  was  constructed  by  the  United  States  Corps  of  Engineers 
in  1963.  TFSO  was  designed  to  record  seismic  events  and  to  be  used  as  a 
laboratory  for  testing,  comparing,  and  evaluating  advanced  seismograph  cqu  p- 
ment  and  'recording  techniques.  The  instrumentation  was  assembled,  installed, 
and  oocratcd  until  30  April  1965  by  United  Electrodynamics  CUED)  -  later  Earth 
Sciences,  A  Tclcdync  Company  -  under  Contract  AF  33(657) -7747.  In  March  196  , 
the  Long-Range  Seismic  Measurements  (LRSM)  Program  provided  eight  mobile  seismic 
recording  vans  to  extend  the  existing  instrument  arrays  at  TFSO.  On  1  May  1965, 
Ccotcch  assumed  the  responsibility  of  operating  TFSO.  The  LRSM  vans  were  phased 
out  of  the  TFSO  operation  on  3  October  1965.  During  the  20-month  period  from 
1  May  1965  through  31  December  1966,  the  operation  of  TFSO  under  Project 
VT/5055  was  closely  allied  with  the  work  performed  at  the  Blue  Mountains, 

Uinta  Basin,  and  Wichita  Mountains  Scismological  Observatories  under  Projects 
Vf/1124,  V1/4054,  and  VT/5054.  When  reasonable,  operating  procedural  changes, 
observatory  instrumentation  improvements,  and  special  research  investigations 
were  accomplished  simultaneously  at  all  observatories.  In  other  instances, 
improvements,  modifications,  and/or  procedures  that  had  been  developed  and 
proven  at  another  observatory  were  incorporated  into  the  TFSO  operation.  During 
1367,  under  Contract  AF  33(657) -67-C-0091 ,  Project  VT/7702,  a  37-element,  short- 
period  array  and  a  7-elcmcnt  long-period  array  were  designed  and  installed. 
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Figure  1.  Location  of  the  Tonto  Forest  Seismological  Observatory 
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1.3  WORK  OF  PROJECT  VT/2704 


The  work  of  Project  VT/2704  was  a  continuation  of  the  work  of  earlier  TFSO 
projects.  The  work  of  this  project  can  be  divided  into  the  following  general 
categories : 

a.  Continued  operation  of  TFSO; 

b.  Evaluation  and  improvement  of  the  standard  instrumentation  to  provide 
a  more  efficient  and  effective  observatory; 

c.  Field  testing  of  newly  developed  and  experimental  instrumentation; 

d.  Analysis  of  resulting  seismometric  data; 

e.  Incorporation  of  new  equipment  into  the  systems  operating  at  the  TFSO. 


2.  SUMMARY 


Three  seismograph  systems  -  the  37-clemcnt  short-period  array;  the  7-element, 
3-component  long-period  array;  and  the  broad-band  vertical  seismograph  -  were 
operated  continuously  at  the  Tonto  Forest  Scismological  Observatory  from 
1  July  1971  through  30  June  1972.  Film  and  magnetic  tape  recordings  of  array 
data  were  shipped  to  the  Seismic  Data  Laboratory,  Alexandria,  Virginia.  Each 
week,  some  of  these  recordings  were  routed  through  the  Gcotech  laboratories  at 
Garland,  Texas,  where  they  were  inspected  for  control  of  quality. 

Modifications  to  the  long-period  array  circuits,  made  between  the  1969  and 
1970  lightning  storm  seasons,  greatly  reduced  lightning  damage  to  these 
circuits.  Similar  modifications,  made  to  one  branch  of  the  short -period 
array,  eliminated  lightning  damage  tc  amplifiers  in  that  branch. 

Operational  tests  were  conducted  with  the  multichannel  filter  (MCF) ,  the 
extended  long-period  seismograph,  a  short-period  borehole  seismograph,  a 
short-period  five-clement  station,  a  long-pcriod/short-pcriod  triaxial  system, 
and  a  quartz  accelerometer.  A  gravity  feed  chemical  supply  system  was  tested 
in  the  observatory  Dcvclocordcrs. 

Facilities  and  assistance  were  provided  to  personnel  from  one  university,  and 
one  industrial  organization. 
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3*  OPERATION  OF  THE  TJNTO  FOREST  SEISMQLOGICAL  OBSERVATORY 

j  ! 

3.1  GENERAL 


Data  normally  were  recorded  continuously  at  the  TFSo'  Maintenance  times 
caiibration  times,  and  recording  film  or  tape  change  times  were  staggered  so 
that  data  recording  was  interrupted  in  only  one  system  at  a  time. 

From  1  July  1971  through  30  June  1972,  the  observatory  was  manned  during  an 
8:00  a.m.  to  5:00  p.m.  shift  and  a  9:30  a.m.  to  6:00  p.m.  shift.  The  8  to  5 
shift  was  worked  each  Mon4ay  through  Friday  except  holidays  and  was  the 
regular  work  day  for  all  personnel.  The  9:30  to  6  shift  was  worked  every  day 
including  Saturdays,  Sundays,  and  holidays,  and  was  staffed  by  one  man  on  a 
rotational  basis.  The  observatory  operated  unmanned  from  6:00  to  8-00  a  m 
MST  every  day.  Technical  work  is  handled  by  a  full-time  staff  of  four  people. 
Secretarial  work  is  handled  by  one: half-time  person. 


3.2  SEISMOGRAPH  SYSTEMS  .OPERATED  DURING  PROJECT  VT/2704 

3.2.1  Thirty-Seven  Element  Array 

A  37-element  array  of  short-period  vertical  seismographs  (figure  2)  was 
installed  under  Project  VT/7702.  Under  Project  VT/8702,  this  array  was 
evaluated  from  the  rtandpoint  of  reliability,  beam-steering  capability,  and  ’ 

S/o^o°n  f  0Peratio’'  of  this  array  continued  under  Projects 

VT/9702  and  VT/2704.  Recording  of  the  outer-ring  channels,  Z21  through  Z37 
was  discontinued  on  15  October  1971,, when  only  one  of  these  channels  was 
operational  and  when  other  duties  at  the  observatory  would  not  permit  these 
cnannels  to  be  repaired.  '  1  i 

3.2.2  Broad-Band  Seismograph  !  i  ; 

The  vertical  broad-band  seismog  aph  uses  a  seismometer  installed  in  the  LP1 
vault  and  a  phototube  amplifier  installed  in  the  CRB,  and  has  the  frequency  * 
response  shown  in  figure  3.  ,  1  ' 


3.3  STANDARD  SEISMOGRAPH  OPERATING  PARAMETERS  , 

The  operating  parameters  and  tolerances  for  the  TFSO  standard  seismographs  : 
are  shown  in  table  1.  Frequency  response  tests  are  scheduled  every  3  months, 
and  the  parameters  of  seismograph  systems,  not  conforming  to  the  tolerances 
shown  in  tables  2,  3,  and  4  are  reset.  Normalized  response  characteristics 
of  TFSO  standard  seismographs  are  shown  in  figure  3. 
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•  SP  37-ELEMENT.  30  KM  ARRAY 
EXPERIMENTAL  VAULT 
LP  7-ELEMENT.  3-COMPONENT,  50  KM  ARRAY 
LP  VAULT 

TFSO  RECORDING  STATION 


<> 


Figure  2.  Vault  locations  in  the  37-element  short-period  array,  and 
the  7-element  long-period  array  at  TFSO 
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PERIOD  (seconds) 


Figure  3.  Normalized  response  characteristics  of 
standard  seismographs  at  TFSO 


Table  1.  Operating  parameters  and  tolerances  of  standard  seismographs  at _ [FSO 


Table  2  Frequency  response  norms  and  tolerances  for  TFSn 
- short-period  seismograph  nC6S  for  TFS0 


(sec) 

5.0 

SHzi 

0.2 

(percent) 

10 

Norm 

0.0118 

Max 

0.013 

xiuae 

Min 

0.0106 

2.5 

0.4 

7.8 

0.0988 

0.106 

0.0916 

1.25 

0.8 

5.0 

0.68 

0.714 

0.646 

1.00 

1.0 

0 

1.00 

1.00 

1.00 

0.67 

1.5 

5.2 

1.55 

1.63 

)  .47 

0.50 

2.0 

5.1 

1.97 

2.07 

1.87 

0.33 

3.0 

7.3 

2.30 

2.47 

2.13 

0.25 

4.0 

12.2 

2.05 

2.30 

1.80 

0.167 

6.0 

20.3 

1.38 

1.66 

1.10 

Table  3.  Frequency  response  norms  and  tolerances  for  TFSO 
- - long-period  seismographs 


T 

(sec) 

f 

(Hz) 

Tolerance 

(percent) 

Relative  aural itudp 

Norm 

Max 

Min 

100 

0.01 

20 

0  135 

0.162 

0.108 

80 

0.0125 

20 

C  .278 

0.333 

0.222 

60 

0.0167 

15 

0.485 

0.558 

0.412 

50 

0.02 

15 

0.644 

0.741 

0.548 

40 

0.025 

10 

0.874 

0.961 

0.787 

30 

0.033 

5 

1.03 

1.082 

0.978 

25 

0.04 

0 

1.00 

1.00 

1.000 

20 

0.05 

5 

0.825 

0.866 

0.784 

15 

0.0667 

10 

0.470 

0.517 

0.422 

10 

0.1 

20 

0. 11G 

0.132 

0.0879 
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Table  4.  Frequency  response  norms  and  tolerances  for  TFSO 


broad-band  seismographs 


T 

(sec) 

f 

IH£l 

Tolerance 

(percent) 

Norm 

Relative  amplitude 
Max 

Min 

25.0 

0.04 

20 

0.104 

0.125 

0.0832 

16.7 

0.06 

20 

0.350 

0.420 

0.280 

12.5 

0.08 

15 

0.775 

0.891 

0.659 

10.0 

0.1 

10 

0.950 

1.04 

0.855 

5.0 

0.2 

5 

1.00 

1.05 

0.950 

2.5 

0.4 

5 

1.00 

1.05 

0.950 

1.25 

0.8 

0 

1.00 

1.00 

1.00 

0.625 

1.6 

5 

1.00 

1.05 

0.950 

0.312 

3.2 

10 

1.00 

1.10 

0.900 

0.156 

6.4 

15 

0.98 

1.13 

0.833 
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3.4  DATA  CHANNEL  ASSIGNMENTS 

tKehc«eaof°™gitarr°ei™<,«ia^f  “I  3SS;s"ed  3  «*>««  number  in 

established  a  C^bTwfs  ShS  't.‘T  3  ne"  d3ta  format  "aa 
both  the  new  data  channel  assign t a  It  f°  change  notices  showing 
ments  were  submitted  to  the  Project  OffjVpr^  Jrevioua data  channel  assign- 
users  of  TFSO  data.  The  data  fJrmatf^  /^Were  distributed  to  freqGent 
summarized  in  tables  5  and  6  f Z  l  recordfd  during  Project  VT/2704  are 
given  in  table  7  ’  3nd  3  k6y  t0  the  se^mograph  designators  is 


3.5  QUALITY  CONTROL 

3'S'1  2i!£Uty  Control  of  16-Millimeter  Film  Seismograms 

Quality  control  checks  of  randomly-selectpd  u  n  •  «. 

from  Data  Trunks  2  4  and  R  anri  •  -millimeter  film  seismograms 

th3t  - 

a.  Film  boxes  .  neatness  and  completeness  of  box  markings; 

b.  Develocorder  logs  -  completeness,  accuracy,  and  legibility  of  logs; 

c.  Film  - 

trace  sp^ing'^ace'  ntens'uy"  3ppe3r3ni:e  °f  tha  -cord  (for  example, 

(2)  Quality  of  film  processing; 

Resuns  Ttiiii  sheets. 

and  comment.  uaci°ns  were  sen.  to  the  observatory  for  their  review 

3,5,2  Contro1  2l  Analog  FM  Magnetic-Tape  Seismograms 

seismogr^sqari1mLrirGarlanfLdfathTFSOrtod°mly’SClhCted  magnetic-taPe 
specified  standards.  The  foUowing'  Se^^*6 

a.  Tape  and  box  labeling; 

b.  Accuracy,  completeness,  and  neatness  of  logs; 

app 1 i cab le ; ^UatC  d0CUn,e"tati°"  <*  logs  by  voice  comments  on  tape  where 

d.  Seismograph  polarity; 

e.  Level  of  the  microseismic  background  noise; 
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DEVELOCORDERS 
Slow  speed,  3  nan/minute 
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Table  6.  Data  channel  assignment  for  TFSO  FM  magnetic  tape  seismograms 
made  during  Project  VT/2704.  Dates  without  asterisks  are  sta 
dates;  dates  with  asterisks  are  stop  dates _ _ _ 
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TCDMG 

Z 

ZT 

ZTF 

ZTFK 

N 

E 

SP 

wwv 

T 

R 

BF 

LL 

MS 

V 

SL 

Wi 

BS 

HF8 

LP 

BB 

Comp 

BS 

MCF 

FSH 


Table  7.  Key  to  the  designations  used  in  the  data  channel 
_ assignments  at  TFSO _ 

Time  Code  Data  Management  Generator 

Amplified  vertical  seismograph  from  site  identified  by  number 
Summation  of  the  crossed-linear  array  vertical  seismographs 
ZT  filtered  (UED  filter) 

ZT  filtered  (Krohn-Hite) 

North-south  horizontal  seismograph 
East-west  horizontal  seismograph 
Short-Period  seismograph 

time  from  National  Bureau  of  Standards  Radio  Station  WWV 
(WWV,  STS,  and  Voice  on  tape) 

Transverse  seismograph 

Radial  seismograph 

Seismograph  using  Benioff  seismometer 

Low,  low  magnification  (short-period)  or  low  magnification 
long-period  seismograph 

Short-period  microbarograph 

Unamplified  (earth-powered)  vertical  seismograph 
Low  magnification  short-period  seismograph 
Wind  indicator 

Beam-steered  seismograph.  Number  refers  to  azimuth  orientation. 

High- frequency  seismograph  (suffix  "1/10"  indicates  magnification 
one-tenth  that  of  ZHF8  seismograph) 

Long-period  seismograph 

Broad-band  seismograph 

Tape  recorder  wow  and  flutter  compensation  channel 
Beam  steer 

Multi-channel  filter 
Fisher  process 
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f.  Level  of  calibration  signals; 

g.  Relative  phase  shift  between  array  seismographs ; 

h.  Level  of  system  noise; 
i»  Oscillator  alignment; 

j.  Quality  of  recorded  WKV  signal  where  applicable; 

k.  Time-pulse  carrier; 

1*  Binary-coded  digital  time  marks. 


3*5*3  Stalky  Control  of  ASDAS  Magnetic-Tape  Seismograms 

Quality  control  checks  of  ASDAS  tapes  are  made  routinely, 
tape  from  each  of  the  two  transports  is  checked  weekly  for 

a.  Neatness  and  accuracy  of  the  associated  logs; 

b.  Polarity  errors; 

c.  Recording  level  of  each  channel; 

d.  Fidelity  of  reproduction; 

e.  Presence  of  header  record  and  correct  record  length 

f.  Tape  parity  errors; 

g.  Timing  information. 

3-5*4  Quality  Control  of  DGRDAS  Magnetic-Tape  Scisrooprams 

Quality  control  checks  of  DGRDAS  tapes  are  made  routinely, 
tape  is  checked  each  week  for  items  listed  under  section  3.! 
addition,  for  the  following  items: 

a.  Field  transmission  parity  errors; 

b.  Central  digital  system  parity  errors; 

c.  Gain  code  errors. 


t* 
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3.6  (WLLTION  AM)  SHIPMENT  OF  DATA 


Two  ASDAS  digital  tapes  v.re  shipped  each  week  from  TFSO  to  the  Garland 
laboratory  for  quality  control.  All  other  digital  tapes  were  held  at  the 
observatory  for  a  period  of  about  8  weeks  and  then  were  recycled  if  not  re- 
o'^jsted  by  the  SDL.  ■ 

Five  analog  FM  aagnctic-tapc  units  were  used  until  11  August  1 97 i  to  record 
data  for  the  AFTAC  VELA  Scismological  Center  (NY\') .  After  that  date  f»*.  •  tap** 
machines  were  used.  FM  tapes  for  six  days  of  each  week  were  sent  directly 
to  SDL.  The  rapes  for  the  seventh  day  were  sent  to  our  Garland  laboratory 
for  quality  control  inspection,  then  forwarded  to  SDL. 

All  Develocorder  (16-mi llimcter  film)  seismograms,  except  quality  control 
copies,  were  routinely  shipped  to  SDL.  One  seismogram  for  each  Develocorder 
was  sent  each  week  to  our  Garland,  Texas,  laboratory  for  quality  control, 
then  forwarded  to  SDL. 

Copies  of  calibration  and  operational  logs  accompanied  all  data  shipments. 


3.7  CALIBRATION  OF  TEST  EQUIPMENT 

Test  instruments  were  routinely  calibrated  at  TFSO  during  the  contract 
period  and  calibration  logs  were  maintained  for  all  such  instruments. 

All  calibrations  were  referred  to  Epplcy  standard  cells  which,  in  turn, 
were  periodically  certified  to  deviate  less  than  0.001  percent  from  standards 
maintained  by  the  National  Bureau  of  Standards. 


3.8  EMERGENCY  POWER  GENERATOR 

During  this  report  period,  the  emergency  power  generator  was  operated  a  total 
of  22,1  hours.  It  was  operated  IS. 8  hours  during  loss  of  commercial  power, 
and  6.3  hours  during  tests  under  full  load. 


3.9  SECURITY  INSPECTION 


Security  inspections  were  conducted  on  27  October  1971  by  Mr.  Ken  Ozbolt, 
Industrial  Security,  Phoenix,  Arizona,  and  on  2  February  1972  by  Mr.  M.  Craig, 
Chief,  Industrial  Security,  Phoenix,  Arizona,  All  phases  of  the  TFSO  security 
program  were  found  to  be  in  good  order. 


A  security  inspection,  scheduled  for  23  June  1972,  was  postponed  until  July 
because  of  floods  that  followed  heavy  rains  in  the  Phoenix  area. 
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3.10  GOVERNMENT  PROPERTIES 


Mr.  L.  R.  Madden  and  Mr.  P.  Johnson,  of  the  DCASD  Pho^nir 

property^ontrol^rocedures*  “  C0"dUCt  “  »f  •» 


Arizona,  visited 
government 


3.11  FACILITY  MAINTENANCE 


p;«uc?esf‘th^“h"nrtrL’ln“;":dr;oda<:“rf*''''''  r‘fh  s°und  indus,r“i 

tion,  fire  extinguisher  inspection  work  arc**  "ork  included  Pest  exterraina- 
cleaning  of  the  heating  .„d  air  condition"*  eqiljienf:  lubrl“tl<>"  »"<* 


3.12  SPIRAL-4  TRANSMISSION  CIRCUITS 

“  u^rzrc  dc,pc,cd  “d 

vandals  who  shot  into  cables  and  k  The  f“ilu*es  verc  caused  by 

a  sharp  implement;  by  road  construction  m^h!  °r  Wh?  choPPcd  UP  ca*>les  with 
cables  by  liahtn  nE  thTdll  ?  machinery  that  accidentally  cut 

deterioration  that  lowered^insutat-?*^*5  fnd  CablC  hocks;  and  bX  «blc 

Repairs  were  acconpHshod bi  wliX'ShE'S^rf’0"*  C°?ductors  *»<•  Rtound. 
replacing  burned  loading  coiU  P,.i„  ?  ble  sections,  splicing  cut  sections, 

repairing8  daaagrd  spllco  boxes  'S  '!  “I*0"1”'1  "«k  contacts,  and 

and  repairs  during  each  quarter  of  fhc  report ’per ioT  °f  thc  failurcs 


Cause  of  failure 

Vandalism 
Lightning 
Accidental  cut 
Cable  deterioration 
Totals 


Number  of  failurcs  in  each 
0 3m.".  1 
^ePta  71  Dec.  71  Mar.  72 


quarter 
Apr.  - 
June  72 


2  3  3 

7  0  S 

4  2  4 

_2_  14  5 

lb  T7~ 


Repair  technique 

Replace  cable  section 
Splice  cable 
Replace  loading  coil 
Clean  hock 
Repair  splice  boxes 
Totals 


Number  of  repairs  in  each  quarter 


10  15  11 

5  2  3 

1  0  2 

0  1  0 

1  1 

lb  IF"  IT" 


Totals 

9 

21 

IS 

22 

b7~ 
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i  .  :  S  j 

4.  MAINTENANCE  AND  MODIFICATION  OF  TFSO  INSTRUMENTATION 

! 

,  I 

4.1  LIGHTNING  PROTECTION  « 

•  .  .  i'  , 

4.1.1  Review  of  Effectiveness 

1  *  '*■■■"  — . -  ■  ■  —  '  ■ 

The  monthly  distribution  of  lightnirtg  storms  in  the  TFSO  area  during  the 
calendar  year  1971  followed  the  same  general  pattern  as  it  had  during  the 
previous  three  years.  There  was  'a  small  incidence  of  lightning  during  the 
winter  and  spring  months,  and  a  large  incidence  during  July,  August,  and 
September.  Lightning  was  observed  during  78  days,  an  increase  over  the 
previous  years.  These  data,  together  with  data  for  the  first  six  months  of 
1972,  are  shown  in  figure  4.  Note  that  the  1972  lightning  season  started 
early  and  that  its  pattern  of  storm  distribution  will  oe  significantly 
different  from  those  observed  during  the  previous  four  years. 

I 

Data  concerning  solid-state  amplifiers  damaged  by  lightning  during  the  years 
1968  through  1971  are  summarized  in  table  9.  'In  general, ,  the  incidence  of 
damage  to  LP  amplifiers  during  1971  was  approximately  the  same  as  during 
1970.  The  sharp  reduction  of  damage  to  SP  amplifiers  -  from  43  in  1970  to 
17  in  1971  -  reflects,  in  part,  the  smaller  number  of  channels  that  were 
maintained  operational  during  1971,  and  in  part,  the  improved  lightning 
protection  provided  by  modified  circuits  in  power  branch  no.  2.  It  should  be 
noted  that  because  priority  was  given  to  th<i  maintenance  of  channels  Z1  through 
Z20,  the  other  channels,  Z21  through  Z37,  were  not  repaired  as  they  became' 
inoperative.  By  IS  October  1971,  when  recording  of  channels >Z21  through  Z37 
was  discontinued,  only  one  of  these  channels  was  still  operational.  Because 
components  in  these  channels  were  not  repaired,  the  amplifier  failure  records 
do  not  reflect  these  failures.  , 


Table  9.  Solid-state  amplifiers  damaged  by  lightning 


Amplifier 

Number  of 

failures 

1968 

"1969“ 

~w 

SP,  Model  25220 

44 

'■  25  ‘ 

43 

17 

LP,  Model  28470 

25 

36 

.  10 

12 

1 

Number  of 

lightning  days 

38 

.  58 

63 

78 

i 

i 

Number  of  failures  per  lightning  day 

SP  amplifiers 

1.16 

0.43 

0.68 

o.; 

LP  amplifiers 

0.66 

0.'62 

0.16 

o.: 

1 

•Maintenance  in  17  of  the  37  SP  channels  was  not  performed  for  more  than 
6  months  of  1971. 
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NUMBER  OF  DAYS  DURING  WHICH  LIGHTNING  WAS  OBSERVED 
1971  1970  1969 


25 


i 


l 


Figure  4.  Monthly  distribution  of  lightning  storms  in  TFSO  area 

0  6023 

-19- 


TR  72-8 


i 


4.1.2  Test  of  Experimental  SP  Protection  Circuit 

Operational  tests  were  continued  into  August  1971  to  determine  the  Protective 
capabilities  of  the  experimental  lightning  protection  circuit  installed  on 
2 8? January  1971  in  power  branch  no.  2  of  the  short-period  seismograph  array. 

By  mid-August,  operational  data  showed  that  the  experimenta  circuit  which 
added  ground-referenced  diode  protection  to  the  channels  Z12  and  Z20,  but 
left  Zll  and  Z13  through  Z19  unchanged  as  controls,  could  be  operated  without 
i'«odici‘e  noise  i«o  the  data  circuits  nor  unbalance  in  the  power  circuits. 
Furthermore,  7  of  the  9  amplifiers  in  the; unchanged  circuits  were  damaged  by 
lightning  whereas  neither  the  Z12  amplifier  nor  the  Z20  amplifier  was 
damaged  even  though  the  cable  to  Z20  was  struck  by  lightning  and  required 
rZlacemeZ  Following  a  review  of  these  data  with  the  Project  Officer  and 
with  his  approval,  work  was  undertaken  to  add  ground  reference  diode  pro¬ 
tection  to  Channels  Zll  and  Z13  through  Z19.  Completion  dates  for  these 
modifications  and  amplifier  failures  that  occurred  before  and  after  the 
.. are  listed  in  table  10.  Note  that  there  were  no  amplifier 
failures  after  the  power  circuits  were  modified,  even  though  there  was 
unusually  high  lightning  activity  during  May  and  June  1972.  Three  amplifiers 
were  lost  in^he  unmodified  SP  channels  Z1  through  Z10  during  these  2  months, 
tothebasis  of  this  information,  it  is  concluded  that  the  power  circuit 
modifications  used  on  channels  Zll  through  Z20  are  effective  in  J^uci  g 
lightning  damage  to  amplifiers.  It  is  recommended  that  similar  modifications 
be8made  to  power  circuits  in  the  SP  channels  Z1  through  Z10. 


4.2  SHORT-PERIOD  ARRAY 

Because  the  observatory  operating  staff  was  very  smail  (Umited  by 
funding)  maintenance  work  was  carried  out  on  a  priority  basis.  The  long 

period  array  was  given  first  priority,  and  the  sb°r^“P"^  ^Z20  were  given 
priority.  Within  the  short-period  array,  channels  Z1  through  Z20  were  gi  en 

priority  over  channels  in  the  outer  rings. 


4.3  LONG-PERIOD  APRAY 
4.3.1  General 

Host  of  the  long-period  array  ^r'foaSg’toils'and 

splice  “xesePlACmucrsmallei  effort  was  required  for  the  replacement  and 
repair  of  amplifiers,  the  recentering  of  masses  on  seismometers,  an 
replacement  of  blown  power  fuses. 

»» r;r.s  sss  ~  ras.’js.ws 

Before  the^change^calibration^were  S^£\TIpS'vK  ?he  Z22  calibration 

cable,  which  is  no  longer  in  service. 


-20- 


TR  72-8 


Table  10.  Short-period  array  amplifier  failures  during  report  period 


_  1971 _ _ 1972 

Channel  Jul  Aug  |  Sep  Oct  |  Nov  Dec  Jan  Feb 
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4.3.2  Relocation  of  LP6 


Engineering  Change  Proposal  No.  1,  which  describes  the  work  required  to 
relocate  field  site  LP6,  and  indicates  the  need  for  this  change,  was  submitted 
on  22  October.  Since  that  time  we  have  assisted  the  Project  Office  in 
formulating  and  coordinating  plans  to  accomplish  the  relocation.  Meetings 
were  held  with  representatives  of  the  United  States  Forest  Service  (USFS) , 
the  Corps  of  Engineers,  and  the  Project  Office  at  various  times  throughout 
the  report  period.  Our  Engineering  Change  Proposal  No.  1,  P-1960,  was 
negotiated  on  25  February  1972,  but  permission  to  proceed  with  the  work  had 
not  been  received  from  the  USFS  by  the  end  of  this  report  period. 

4.3.3  LP5  Power  Generator 

Routine  maintenance,  including  changes  of  oil,  oil  filter,  and  air  cleaner, 
and  filling  of  water,  oil,  and  fuel  tanks  was  performed  every  3  months. 


4.4  ASTRODATA  SEISMIC  DIGITAL  ACQUISITION  SYSTEM 

4.4.1  Recording  Time  Schedule 

The  Astrodata  Seismic  Digital  Acquisition  System  (ASDAS)  was  operated  from 
0000Z  through  0430Z  and  1425Z  through  2330Z  on  Monday  through  Friday  except 
on  holidays,  and  was  operated  from  OOOOZ  through  0430Z  and  1630Z  through  2330Z 
on  Saturdays,  Sundays,  and  holidays. 

4.4.2  Recording  Formats 

Data  were  recorded  on  magnetic  tape  by  the  ASDAS  using  the  format  shown  in 
table  11.  This  format  was  not  changed  when  the  operation  of  short -period 
array  channels  Z21  through  Z37  was  stopped  on  15  October. 

4.4.3  Operation  and  Maintenance 

The  ASDAS  was  operated  routinely  throughout  the  report  period.  Maintenance 
performed  included  routine  cleaning,  repairs  and  adjustments.  Drive  belts, 
motor  brushes,  read  cards,  brake  pins,  vacuum  motors,  fuses,  and  photosense 
lamps  were  typical  of  the  components  that  failed  and  required  replacement. 

In  addition,  the  drag  brake  and  the  active  filter  power  supplies,  were 
repaired,  and  the  supply  reel  lock  hubs  were  adjusted. 
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4.5  DIGITAL  GAIN-RANGING  DATA  ACQUISITION  SYSTEM 


The  digital  gain-ranging  data  acquisition  system  was  operated  routinely 
throughout  the  report  period.  Its  operation  was  interrupted  only  for  routine 
cleaning,  and  for  the  replacement  of  a  parity  bit  generator,  whose  failure 
caused  the  generation  of  field  transmission  parity  errors  on  channel  3. 

On  16  December,  the  start-up  procedure  was  modified  to  improve  transport 
starting  reliability  and  to  eliminate  the  generation  of  a  word  length  error 
flag  during  start-up. 


Table  11.  Astrodata  Seismic  Digital  Acquisition  System  recording 
format  used  at  the  TFSO  from  1  July  1971  through 
30  June  1972  _ _ _ 


Format  No.  19 


Channe 1 

Data 

Channel 

Data 

1 

Z  1 

25 

Z  25 

2 

Z  2 

26 

Z  26 

3 

Z  3 

27 

Z  27 

4 

Z  4 

28 

Z  28 

5 

Z  5 

29 

Z  29 

6 

Z  6 

Z  30 

7 

Z  7 

31 

Z  31 

8 

Z  8 

32 

Z  32 

9 

Z  9 

33 

Z  33 

10 

Z  10 

34 

Z  34 

11 

Z  11 

35 

Z  35 

12 

Z  12 

36 

Z  36 

13 

Z  13 

37 

Z  37 

14 

Z  14 

38 

Z1LP 

15 

Z  15 

39 

Z2LP 

16 

Z  16 

40 

Z3LP 

17 

Z  17 

41 

Z4LP 

18 

Z  18 

42 

Z5LP 

19 

Z  19 

43 

Z6LP 

20 

Z  20 

44 

Z7LP 

21 

Z  21 

45 

ZXLP 

22 

Z  22 

46 

BS  9 

23 

Z  23 

47 

FSH 

24 

Z  24 

48 

STS 
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5.  INSTRUMENT  EVALUATION 


5.1  MULTICHANNEL  FILTER 

The  multichannel  filter  (MCF)  was  inoperative  from  18  April  until  15  July  1971, 
when  repairs  were  completed  to  circuits  in  the  paper  recorder,  the  auxiliary 
processor  and  the  memory.  During  the  remainder  of  the  report  period,  other 
maintenance  was  performed,  including  replacement  of  the  RFI  filter,  and 
repairs  to  the  +5  volt  power  supply  and  the  paper  tape  reader. 

From  15  July  through  17  August,  the  MCF  operated  with  the  data  format  shown 
in  table  12.  The  MCF  was  not  operated  from  17  August  through  16  November  1971, 
and  from  2  February  through  20  April  1971  because  too  few  short-period  array 
channels  were  functional  to  justify  its  operation  during  those  periods.  From 
17  November  1971  through  1  February  1972  and  from  21  April  through  30  June  1972, 
the  MCF  was  operated  using  the  data  format  shown  in  table  12.  Samples  of 
recordings  ii?le  during  these  periods  are  shown  in  figures  5  through  7. 


5.2  EXTENDED  LONG -PERIOD  SEISMOGRAPH 

Operation  of  the  extended  long-period  seismograph  was  resumed  on  6  July  1971. 
The  channel,  designated  ZXLP,  was  recorded  on  Develocorder  film  at  a  magnifi 
cation  of  140K  (at  X10  view)  and  on  digital  magnetic  tape.  Figures  8  through 
10  show  typical  recordings  of  data  from  this  channel. 


5.3  GRAVITY  FEED  CHEMICAL  SUPPLY  SYSTEM 

On  9  April  1971,  following  5  months  of  failure-free  continuous  operational 
testing  of  two  experimental  gravity  feed  chemical  supply  systems,  the 
peristaltic  pumps  on  all  operational  Develocorders  at  the  observatory  were 
replaced  with  gravity  feed  systems.  Figure  11  shows  a  schematic  of  the  system 
and  figure  12  shows  one  system  installed  on  a  Develocorder.  Initially,  the 
performance  of  these  systems  was  excellent,  but  it  deteriorated  gradually 
until  failures  became  a  daily  occurrence. 

In  general,  the  systems  failed  by  interrupting  or  greatly  reducing  the  flow 
of  fixer  in  the  short-period  Develocorders.  There  were  no  failures  in  the 
systems  that  furnished  fixer  in  the  long-period  Develocorders,  nor  were  there 
any  failures  in  the  systems  that  furnished  developer  to  either  the  long-  or 
short-period  Develocorders. 
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Table  12.  Multichannel  filter  formats  uspH 
15  July  through  17  August  1971 


Channel 

identification 


BS  0 
BS  1 
BS  2 
BS  3 
BS  4 
BS  5 
BS  6 
BS  7 
BS  8 
BS  9 
MCF  0 
Fisher 


Azimuth 
from  TFSO 

Distance 
from  TFSO 

Apparent 

velocity 

(km/sec) 

0° 

70° 

18 

315° 

70° 

18 

270° 

70° 

18 

225° 

70° 

18 

180° 

70° 

18 

135° 

70° 

18 

90° 

70° 

18 

45° 

70° 

18 

ALL 

180° 

Infinite 

336° 

40° 

13.5 

336° 

336° 

40° 

40° 

(23  point  filter) 

17 

Channel 

identi¬ 

fication 


Novaaber  1971  through  1  February  1972  and  21  April  through  present 


Azimuth 
from  TFSO 


Distance 
from  TFSO 


Approximate 

location 


BS  0 

0° 

O 

o 

BS  1 

315° 

70° 

BS  2 

270° 

70° 

BS  3 

225° 

70° 

BS  4 

180° 

70° 

BS  5 

.135° 

70° 

BS  6 

90° 

70° 

BS  7 

45° 

70° 

BS  8 

Any 

180° 

BS  9 

313° 

70° 

Fisher  - 

Beamed  for  313° 

azimuth 

Novaya  Zemlya 
Kurile  Islands 
Marshall  Islands 
Cook  Islands 
Easter  Islands 
Arica,  Chile 
Cape  Verde  Basin 
Portugal 

East  Crozet  Basin 
Kurile  Islands 

.  -  .  ~°  distance 

Fisher  threshold  set  to  240g  -  20610 


Apparent 

velocity 

(km/sec) 

18 

18 

18 

18 

18 

18 

18 

18 

flO 

18 
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Figure  10.  Long-period  seismogram  showing  response  of  ZXLF  to  seismic  event  of  unknown 

origin.  Some  waveform  distortion  is  present  because  of  momentary  hesitations 
in  film  movement  CX10  enlargement  of  16-millimeter  film) 


i 
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Figure  11. 
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Schematic  diagram  for  gravity  feed  chemical  supply  system 
used  on  TFSO  Develocorders ,  two  such  channels  are  required 
for  each  Develocbrder  > 


4 


0  6924 


l 


! 


I 


Figure  12.  Typical  gravity  feed  chemical  supply  system  used  on 
TFSO  Develocorders 
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A  variety  of  system  modifications  were  tried  in  attempts  to  restore  reliable 
111686  included  different  chemical  flow  rates,  different  fixers 

Hm4?Bf*reni-C!nirj1wand  indicator  components.  It  was  found  that  the  Kodak 
Rapid  Fix,  which  had  been  used  with  the  peristaltic  pump  chemical  feed  system 

2™k‘6ed.a  Precipitate  that  apparently  interfered  with  the  operation  of  the  ’ 
gravity  feed  system.  Performance  of  the  system  was  greatly  improved  when 
G  E  Supermix  Fix  was  used  in  place  of  the  Rapid  Fix,  but  a  few  failures 
continued  to  occur.  In  the  middle  of  June  1972,  the  gravity  feed  systems 

^15rPletely  3Peby11I  usin«  new*  clean  materials,  and  the  chemical  handling 
procedures  were  revised  to  eliminate  the  possibility  that  contaminants  might8 
be  introduced  into  the  chemical  solutions.  Since  that  time  there  have  been 
no  failures  m  the  chemical  supply  system  of  any  Develocorder. 

We  wish  to  acknowledge  the  information  and  suggestions  given  by  personnel  of 
the  Large  Aperture  Seismic  Array  in  Montana  and  to  thank  them  for  their  help 
in  making  the  gravity  feed  system  work.  " 


5.4  LP/SP  TRI AXIAL  SYSTEM 


Testing  of  the  LP/SP  triaxial  system,  started  in  February  1971  under 

Contract  F336S7-70-C-0733  and  reported  upon  in  TR  71-181,  was  continued  during 
this  report  period,  * 


The  long-period  triaxial  system  was  operated  routinely  from  29  September  to 
October  with  magnifications  of  the  coordinate-transformed  channels  (ZTLP, 
NTLP,  and  ETLP)  adjusted  to  equal  those  of  the  corresponding  LP1  channels 
(Z1LP,  N1LP,  and  E1LP) .  The  vertical  channel  magnifications  were  set  to 
approximately  50K,  the  horizontals  to  approximately  25K. 

??c£ati£cnt6Sting  °f  the  system  was  resumed  during  January  1972  with  the 
ZTSP,  NTSP,  and  ETSP  channel  magnifications  set  to  1200K.  During  February 
filter  sett  ngs  were  adjusted  to  bring  the  triaxial  system  frequency  response 
closer  to  the  TFSO  short-period  system  response  and  the  ZTSP,  NTSP,  and  RTSP 
channel  magnifications  were  reduced  to  965K.  The  triaxial  system  was 

deactivated  on  13  March  and  sensor  modules  were  shipped  to  McClellan  AFB  on 
15  March. 

Figures  13  through  16  show  typical  recordings  made  during  these  tests. 


technical  Report  No.  71-18,  Operation  of  the  Tonto  Forest  Seismological 
Observatory,  Final  Report,  Project  VT/0704 
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04  MARCH  1973 
RUN  064 


Figure  13.  Long-period  seismogram  showing  response  of  triaxial  system  to  typical  background 
noise  during  quiet  period.  Modules  were  oriented  for  normal  operation  120°  apart 
with  T1  aligned  north-south  (X10  enlargement  of  16-millimeter  film) 
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dev.  no.  i  Figure  14.  Long -period  seismogram  showing  response  of  triaxial  system  to  event  of  unknown 

data  trunk-exp.  epicenter.  Modules  were  oriented  for  normal  operation,  120°  apart,  with  T1 

aligned  north-south  (X10  enlargement  of  16-millimeter  film) 


19  FEBRUARY  1972 
RUN  050 


Figure  15.  Short-period  seismogram  showing  response  of  triaxial  system  to  typical  back¬ 
ground  noise  during  quiet  period.  Modules  were  oriented  for  normal  operation, 
120°  apart  with  T1  aligned  north-south  (X10  enlargement  of  16-millimeter  film) 
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5.5  SHORT-PERIOD  SHALLOW-BOREHOLE  SEISMOGRAPH 


The  shallow-borehole  seismometer  was  raised  to  the  surface  for  maintenance 
on  9  July.  After  repairs  were  made  to  its  leaky  cable,  the  seismometer  was 
lowered  to  a  depth  of  25  feet  and  its  operational  parameters  were  checked. 
After  these  were  found  to  be  within  acceptable  tolerances,  the  seismometer 
was  lowered  to  a  depth  of  171  feet,  where  it  was  rechecked  and  put  into 
operation.  The  shallow-borehole  seismograph  has  been  operating  routinely 
since  21  July  1971. 


5.6  SHORT-PERIOD  FIVE-ELEMENT  ST/.TION 

Operation  of  this  station  was  continued  through  the  1971  summer  lightning 
season  to  determine  the  effectiveness  of  its  lightning  protection  circuits. 

The  station  was  operated  routinely  until  17  July,  when  the  automatic  cali¬ 
brator  became  inoperative.  After  repairs  were  made  on  28  July,  the  station 
magnification  was  checked  and  found  to  be  20  percent  low,  indicating  that  one 
element  might  be  inoperative.  However,  all  elements  were  calibrated  separately 
and  were  found  to  operate  properly.  The  automatic  calibrator  output  current 
was  found  to  have  changed  value  and  was  readjusted. 

It  was  concluded  that  the  lightning  protection  circuits  are  acceptable:  the 
five-element  station  was  not  damaged  even  though  lightning  storms  are  known 
to  have  occurred  during  73  days  of  its  operational  tests. 

Recording  of  data  from  the  station  was  stopped  on  14  October,  and  the  radio 
telemetry  and  other  Remote  Operating  Facility  (ROF)  equipment  was  removed 
from  the  field.  All  five  borehole  seismometers,  their  remote  terminal  units, 
and  interconnecting  cables  were  left  as  originally  installed. 


5.7  QUARTZ  ACCELEROMETER 

On  10  February,  Engineering  Change  Proposal  No.  2  to  Contract  F33657-72-C-0013 
was  submitted.  Identified  as  Geotech  Proposal  No.  P-1976,  and  entitled 
Evaluate  Quartz  Accelerometer,  this  proposal  outlined  the  work  that  would  be 
undertaken  to  evaluate  the  quartz  accelerometers  designed  and  built  by 
Drs.  Barry  Block  and  Robert  D.  Moore,  and  to  determine  their  suitability  for 
use  as  seismographic  instruments.  Contract  Amendment  No.  4,  for  the  accomplish¬ 
ment  of  this  work,  was  negotiated  on  25  February. 

The  first  shipment  of  Block  and  Moore  quartz  accelerometer  equipment  arrived 
at  the  Garland  plant  during  April  1972.  On  the  basis  of  published  information 
on  this  system,  it  was  determined  that  several  items  of  equipment  were  missing 
which  were  necessary  for  complete  testing.  The  missing  equipment  was  primarily 
the  environmental  control  and  remote  positioning  devices  normally  placed  in 
the  vault  with  the  accelerometer.  These  shortages  were  reported  to  the  Project 
Officer,  who  took  steps  to  have  the  needed  equipment  shipped. 
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Preliminary  tests  on  the  two  accelerometers  -  one  vertical  and  one 
horizontal  -  were  made  using  available  equipment.  The  horizontal  unit  would 

Jeap0"d  at,all»  a"d  ^ecks  showed  that  there  was  a  short  circuit  between 
the  detector  plate  and  one  of  the  fixed  capacitor  plates.  When  the  unit  was 

an^that0^0^6^100'  Xt  WaS  f°Und  the  high  vacuum  had  apparently  been  lost 
and  that  the  large  quartz  spacer  block  which  supports  the  fixed  elates  had 

been  broke"  during  shipment.  The  loose  plate  assembly  h'd  sjmek 

the  detector  plate,  breaking  the  quartz  suspension  fiber  andbending' several 
components.  The  vertical  unit  did  not  exhibit  such  an  obvious  failure  so 
several  techniques  were  used  to  detect  motion  of  the  detector  plate  The  unit 
responded  to  large  motions  but  did  not  exhibit  the  characteristic  oscillation 
of  a  high  Q  system  All  tests  showed  that  the  Q  was  less  than  1  whereas 
publications  stated  this  value  should  be  between  15  and  30. 

entire  that  ^  m,!?ht  haVe  entered  the  unit-  a"d  caused  damping,  the 

about  10-4  was  placed  in  a  bell  was  pumped  dowiS  to 

*  !8*  and  held  at  thlS  vacuum  for  24  hours.  When  no  change  in 

and  in  h  r  dfmping  Vas  observed»  the  unit  was  removed  from  the  bel!  jar 
and  opened  for  inspection.  The  vacuum  seal  appeared  intact,  but  the  quartz 
fiber  which  supports  the  detector  plate  was  found  to  be  broken. 

a°iindi;8fi^TnC^-Withrth!  Pr°jeCt  °ffiCer  and  with  Drs-  Block  a«d  Moore, 
nf  ^  f  fabrication  of  the  required  quartz  components  was  located  and 

-Were  orderfd*  *n  the  meantime,  plans  were  made  and  equipment  was 
8  j  of  fuin  preparatlon  for  repairs  of  the  accelerometers  at  Garland.  At  the 
end  of  the  reporting  period,  the  two  accelerometers  had  been  disassembled 
and  were  ready  for  assembly  when  the  quartz  parts  arrived. 


5.8  LAMONT-DOHLRTY  SEISMOMETER  ENCLOSURE 

Because  of  tht  delays  in  beginning  the  relocation  of  LP6,  one  Lamont-Dohertv 
seismometer  enclosure  (Lamont  tank)  was  installed  on  a  good  granitic  rock  Y 
outcrop,  approximately  25  feet  from  the  existing  experimental  tank  vault, 

1/4  mile  northeast  of  the  TFSO  east  walk-in  vault.  It  was  installed  in 
accordance  with  the  same  techniques  that  were  to  have  been  used  at  LP6 ,  and 
which  are  derailed  in  the  test  plan  included  in  appendix  2  of  this  report. 

Installation  of  the  Lamont  tank  was  completed  on  15  March,  and  installation  of 
u°n-in  b°th  the  Lamont  and  experimental  tanks  was  completed 
/  n  S  '  A  hor“°ntal  LP  seismometer,  oriented  in  an  east-west  direction, 
was  installed  3n  each  tank* 

To  date,  there  has  been  a  very  good  agreement  between  recordings  of  seismic 
data  from  these  instruments,  but  there  has  been  no  consistent  differen-e  in 
their  noise  levels.  At  same  times,  data  from  the  instrument  in  the  Lamont 
ank  are  noisier  than  those  from  the  instrument  in  the  experimental  tank,  and 
at  other  times  the  converse  is  true.  Both  get  noisy  during  storms,  and  each 
day  during  sunrise  and  sunset,  but  frequently  they  are  not  both  noisy  at 
exactly  the  same  time.  7 
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Figure  17  shows  a  typical  recording  of  an  event  during  a  quiet  periou  fiaure 
18  shows  a  recording  made  when  the  Lamont  tank  data  were  noisier  than ’the 
experimental  (control)  tank  data,  and  figure  19  shows  a  recording  made  when 
the  control  tank  data  were  noisier  than  the  Lamont  tank  data. 

hn.f/ir  the.^°nt  a"d  control  channels  are  being  recorded  on  a  continuing; 
basis  along  with  data  from  other  observatory  channels.  ® 


^ •  FACILITIES  AND  ASSISTANCE  PROVIDED  TO  OTHER  GROUPS 

6.1  UNIVERSITY  OF  CALIFORNIA 


nickLJ,my^Mr'  °0n  Miller»  from  the  University  of  California  at  San  Diego, 
basis'1  P  H  University  equiP"»ent  that  had  been  left  at  TFSO  cn  a  standby 


6.2  TEXAS  INSTRUMENTS 

The  Texas  Instruments,  Inc.,  (TI)  signal  processor  was  installed  in  the 

*ecordln8  gilding  during  the  month  of  April  1972  and  was  operationally 

iateddiihthUgh°UV*e  1fe"?a'.nder  of  the  reP°rt  Period.  Personnel  whS  partici-  ' 

Don  Lillard  %rnnkilnJ  ^CSf,rs *  ?on  D°uglas,  Tom  McCullough.  Ken  Osborn, 
Lillard,  Stan  Lenhardt,  L.  V.  Spicker,  and  Jerry  Kunkei  of  TI,  and 

Sgt  James  Cwikla.  Capt.  Roger  Caldwell,  Mr.  Glen  Wright,  Capt.  Michael  Marcus 
aiter  Siemiller,  Albert  A.  Sherowsky,  James  P.  Rutledge,  Richard  A.  Griffin 

of^he  USAF65'  ’  DCnniS  P>  N°lan*  RiChard  G'  AyerS>  and  J°Seph  M‘  John''°n 


TFSO  provided  two  Develocorders,  facilitiec  power,  and  real-time 
the  long-  and  short-period  arrays  in  support  of  this  work. 


data  from 


6.3  MISCELLANEOUS 


Mr.  Howard  Broderick,  of  the  USFS  Soil  Conservation 
on  25  April  to  obtain  geological  information  which 
survey  of  the  area. 


organization  visited  TFSO 
will  help  him  make  a  soil 


Event  information  was  furnished  to  Mr.  W.  Person,  of  the  Oceanic  Survey 
and  to  Mr.  John  Hendricks,  of  the  Astrogeological  Center,  Flagstaff,  Arizona. 
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Figure  17.  Long-period  seismogram  showing  responses  of  instruments  in  Lamont  and  control 
vaults  to  event  of  unknown  epicenter.  Recording  was  made  during  quiet  peno* 
(X10  enlargement  of  16-millimeter  film) 


JULY  1972 


TR  72-8 


Figure  19.  Long-period  seismogram  recorded  during  noisy  period  showing  control  tank  data 
noisier  than  Lanont  tank  data  (X10  enlargement  of  16-millimeter  film) 


6.4  VISITORS 


Capt.  John  Fergus,  TFSO  Project  nl  cer,  visited  the  observatory  from 
15  through  19  August  1971  to  rev  *bservatory  operations,  and  again  from 
22  June  through  1  July  1972  to  t  .a  psuedo-random  calibrator.  Capt.  L.  R. 
Caldwell  accompanied  him  on  the  second  visit. 

Mr.  Ed  Barkman,  of  the  United  States  Forest  Service,  and  Messrs.  William  A. 
Sauck  and  Robert  F.  Lundin,  student  geologists  from  the  Arizona  State 
University,  visited  TFSO  on  23  Dcceabcr  and  were  conducted  on  a  tour  of  the 
facilities. 

Lt.  Lawrence  Michard  and  two  aides  from  the  Array  Special  Forces  visited  TFSO 
on  25  January  to  study  site  and  cable  locations  in  preparation  for  an  invasion 
of  the  Tonto  National  Forest  by  the  Army,  the  Marines,  the  Airborne  Forces, 
and  the  Special  Forces  (Green  Berets)  on  1  February.  Their  two  main  camps 
were  in  the  east  Verde  Park,  near  213.  The  Special  Forces  group  were  to  teach 
mountain  survival  to  the  other  military  personnel.  The  group  was  given  a 
tour  of  the  observatory,  and  operations  were  discussed.  We  were  assured  that 
the  troops  would  not  damage  our  cables  or  sites. 

Mr.  D.  Minnegalc,  Honeywell,  Phcenjx,  Arizona,  visited  TFSO  on  6  January  to 
discuss  problems  associated  with  the  maintenance  of  our  FM  tape  recorders. 

He  stated  that  spare  parts  will  no  longer  be  stocked  for  the  recorders,  but 
that  they  can  be  manufactured  on  special  order.  It  is  Honeywell's  policy  to 
stock  spare  parts  for  only  7  years  after  the  manufacture  of  an  item  is 
discontinued. 

Messrs.  John  Kincaid,  Edward  Bousand,  and  Richard  Thompson,  of  the  Mountain 
Bell  Company,  were  at  TFSO  on  13  June  to  discuss  telephone  circuits  between 
the  Central  Recording  Building  and  some  of  the  short-period  array  sites. 


7.  REPORTS  AND  DOCUMENTS  PUBLISHED  UNDER  PROJECT  VT/2704 


7.1  TECHNICAL  REPORTS 

The  following  technical  reports  were  published  and  distributed  in  accordance 
with  the  requirements  of  Project  VT/2704: 

a.  Technical  Report  No.  71-21,  Operation  of  the  Tonto  Forest 

Seismological  Obscrvaotry,  Quarterly  Report  No.  1.  Proicct  VT/2704. 1  Julv 
through  30  ScpTc^)"r'"i'97l! - - - 1 - - 1 - L 

b.  Technical  Report  No.  72-1,  Operation  of  the  Tonto  Forest 
Seismological  Observatory,  Quarterly  Report  No.  2,  Project  VT/2704,  1  October 
through  3lr "December  1971; 

c.  Technical  Report  No.  72-4,  Operation  of  the  Tonto  Forest 

Seismological  Observatory,  Quarterly  keport  No.  3.  Project  VT/2704.  1  January 
tl.TougTT  31  Marc TWT  ^ - 1 - L 
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APPENDIX  1  to  TECHNICAL  REPORT  72 
1  STATEMENT  OF  WORK  TO  BE  DONE 
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£7  JAN  1971 

STATEMENT  OF  KORK  TO  BE  DONE 
(AFTAC  Project  Authorization  No.  VELA  T/2704/B/ASD) 

1.  Objectives.  The  Tonto  Forest  Seismological  Observatory  (TFSO)  is 
unique  in  ics  low  level  of  background  seismic  noise  and  in  its  capa¬ 
bility  as  a  research  center,  being  equipped  with  various  filrr.,  paper 
and  analog  and  digital  recorders,  a  shake  table,  a  large  walk-in  vault 
for  instrument  evaluation,  and  assorted  test  and  measurement  equipment. 

The  purpose  of  this  project  is  to  operate  this  observatory  as  a  source  of 
high-quality  seismological  data  for  use  in  Government-sponsored  research 
projects,  to  use  the  TFSO  as  a  field  test  site  for  evaluation  of  new 
seismological  instrumentation  and  procedures,  and  to  support  other 
research  projects  as  identified  by  the  project  officer.  This  project 
should  require  a  manning  level  of  approximately  five  man-years. 

2.  Tasks. 

a.  Operation. 

(-)  Continue  operating  the  TFSO  according  to  established 
procedures  (Standard  Operating  Procedures  for  TFSO,  1  Nov  1970),  providing 
recorded  data  to  the  Government.  Special  data  requirements  anticipated 
will  include,  but  not  be  limited  to,  recording  signals  from  special  events 
at  the  Nevada  Test  Site  and  supplying  beam-formed  or  multichannel  filtered 
data  for  use  in  evaluation  of  the  effectiveness  of  the  ARPA  long-period 
arrays:  Montana  Large  Aperture  Seismic  Array,  Alaskan  Long-Period  Array, 
and  Norwegian  Seismic  Array. 

(2)  Quality  control  the  data  acquisition  systems  and  evaluate 
the  seismic  data  recorded  to  determine  optimum  operating  characteristics 
and  perform  research  to  improve  operating  parameters  to  provide  the  most 
effective  observatory  practicable.  Major  reconfigurations  in  equipment, 
those  requiring  more  than  48  hours  to  remove,  are  subject  to  prior 
approval  by  the  project  officer. 

(3)  Provide  use  of  observatory  facilities  and  seismo”  ogical  data 
to  requesting  organizations  and  individuals  as  identified  by  the  project 
officer. 


(4)  Maintain,  repair,  protect,  and  preserve  the  facilities  of 
TFSO  in  good  physical  condition  in  accordance  with  sound  industrial 
practice . 

b.  Instrument  Evaluation. 

(l)  Evaluate  the  performance  characteristics  of  experimental 
equipment  identified  by  the  project  officer.  This  work  involves 
ir:  -stigation  of  such  components  as  seismometers  and  amplifiers, 
combinations  of  components  such  as  are  involved  in  lightning  protection 
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improvement,  and  altered  modes  of  operation  .such  as  radio  transmission 
of  data.  These  necessary  investigations  will  be  initiated  only  after 
advances  in  the  state-of-the-art  identify  problems  needing  work.  At 
present,  the  following  areas  for  possible  investigation  are: 

(a)  Long-term  field  testing  of  a  new  version  of  the 
Geotech  23900  long-period  seismometer  incorporating  an  internal  feed¬ 
back  system. 


(b)  Test  and  evaluation  of  a  horizontal  short-period 
ax-ray  according  to  existing  general  operating  procedures  contained  in 
Standard  Operating  Procedures  for  TFSO,  1  Nov  1970. 

(c)  Evaluation  of  an  intermediate-frequency  range  system 
to  be  provided  by  the  Government  for  recording  of  reflected  body  phases. 

(d)  Evaluation  of  special  on-lifte  signal  detection 

algorithms. 

(2)  Maintain  the  equipment  necessary  to  perform  the  above 
mentioned  evaluations,  including  the  shake  table,  signal  conditioning 
and  recording  equipment,  test  and  calibration  instrumentation,  and  film 
viewers. 


C.  Upon  identification  and  prior  to  the  disposition  of  any  equip¬ 
ment  determined  to  be  excess  to  the  needs  of  the  project,  the  contractor 
shall  notify  the  project  officer. 
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APPENDIX  2  to  TECHNICAL  REPORT  NO.  72-8 
TEST  PLAN 

LAMONT- DOHERTY  SEISMOMETER  ENCLOSURE 


TEST  PLAN 

LAMONT- DOHERTY  SEISMOMETER  ENCLOSURE 


1 .  PURPOSE 


Instill describes  the  techniques  that  will  be  used  at  the  TFO  to  install 
and  test  the  seismometer  enclosure,  Lamont-Doherty  Part  No.  1100.  The  enclosure 

WlC'Wl1  be  referred  to  as  the  Lament  tank,  embodies  several  features  Jhich 
should  make  its  performance  superior  to  other  tanks.  These  include  a  massive 
construction  a  hemispherical  lid,  a  precisely-machined,  substantial  lid  seal 
and  a  metal  tank  bottom  that  is  prestressed  at  installation. 


2-  PREPARATION  AND  INSTALLATION 


The  Lamont  tank  will  be  installed  when  the  LP6 
used  to  house  the  east  component  instrument  at 
will  be  used. 


site  is  relocated,  and  will  be 
site.  The  following  procedures 


jeeavate  the  overburden  at  the  site  down  to  bedrock,  clean  the  rock  surface 
so  that  concrete  can  bond  to  it,  erect  a  wooden  form,  and  pour  a  concrete 

?r^ha?  th°Wn  in.fl||ur?  2*  Embed  six  3/4-10  x  8  in.  bolts  in  the  concrete 
smoothlv tliey  Protrude  .  to  2-1/2  in.  above  the  surface.  Finish  the  concrete 
smoothly  on  the  pier  outside  the  circle  defined  by  the  bolts,  but  leave  the 

surface  I'1*  fircl?  r°Ugh  en0Ugh  t0  ensure  8ood  bonding  between  this 

C  orn  tm?e  ^  fT  WiH  bG  Pl\C6d  00  U  l3ter-  After  concrei te  has 

so  tha^  its  bittom  L  yS’  ?mOVe  th!  WOOden  f0rms  and  Prestress  the  tank 
so  hat  its  bottom  is  raised  into  a  dome  approximately  3/8  in.  high  as  shown 

n  igure  2.  Prepare  a  batch  of  fine-grained  mortar  using  Sakrete  mortar 

LoLrn?hePreadrlt:  in/  bed  in  the  circle  outlined  by  the  embedded  bolts. 

,  .  Pyestressed  tank  bottom  onto  the  mortar  and  over  the  embedded  bolts 

and  anchor  it  down,  using  a  flat  washer  and  nut  on  each  bolt.  Make  sure  the 
tank  is  oriented  so  that  the  seven-cable  inlet  couplings  face  the  corner  of 
e  pier  nearest  the  Hoffman  box.  Release  the  prestresser  approximately  1/8  in. 
to  force  excess  water  and  entrapped  air  from  beneath  the  tank  bottom. 

Completely  release  and  remove  the  prestresser  after  the  mortar  has  set  for 


Survey  in  the  north-south  azimuth  and  draw 
direction.  Pour  sand  on  the  bottom  of  the 
within  3  in.  of  its  top. 


a  line  on  the  pier  to  indicate  this 
excavation  around  the  pier  and  to 
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Figure  1.  Lamont  tank  installation 
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Figure  2.  Prestresser  in  tank 
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sho™  2  ?Igu1rfanriowerritfrintrnoset-lyWOOd  (°r  1  X  10’s)  and  2  -  4's  as 
Use  new  11-pair,  Belden  8775,  cable  and^/J"  EF  n®  around  the  Pier- 
installation.  Do  not  use  these  material./™  F  flax*ble  ^  conduit  for  this 
installation.  Bring  the  flexible  conduit  tS/n^  ^r°m  uhe  abandoned  LP6 

Xr  «i.T^!St^^‘c^11rr  °V,°  ?irc  “itb  a  ground  rod 

to  the  handle  on  the  tank  lid  after  it  is  installed^3*6"  ^  8r0Und  wire 

Splice  Kit!  s1eaiatheCcableatoSp!eI?ei?  t  U?ing  a  Scot<*cast  89-D1 

all  conductors  and  strip  each  to  base  meta/fo^i/i"?!!  Separate 

stripped  sections  to  avoid  shorts  and  ■  1/2  h*  Sta88er  the 

sealant.  Apply  sealant  according  to  manufacturer's e"sure.Penetrati°n  of 
Scotchcast  splice  has  cured,  clean  the  mhio  ■  v  lnstructions.  After 
Si  lice,  and  spray  it  thoroughly  with  Krvlon  the  tank  end  of  the 

4-5  hours,  and  feed  it  through  the  CGBMd  lU  Allow  ib  t0  dry  for 

grease  under  the  Neoprene  bufhing  to ensure T^TselT  ^  Silic°ne 

adjust  al^instrument^arameters^for'rout^556^^'  complete  a11  “iring  and 
period  array.  Place  /orTb"  0  ^  “  ,"!,°?"?“°"  “  pa«  of  the'lon,- 

seismometer  with  fiberglas  batts.  ssicant  «»  the  tank,  and  insulate  the 

grease  to  both^^Af ter^lac^g'^e'^bber^askerill  th"0"  aPPly  slacone 

I'Ll?™  ;h:  is 

2  X  2  x  3/8  steel  claap  plate  S&tS’T^’SrScTSSi*”-  ^  USl"8  * 

pi:«  - «»  -  - 

sittss 

measurements  indicate  any^eakage  the  cahf^  *lme  constant*  If  these 

sealed.  The  Lauont  tank!  correctly  Wanf/  i?  Pr°baM>'  ™*  correctly 
constant.  correctly  installed,  should  have  an  infinite  time 
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Figure  3.  Cable  seal  and  entry  into  tank 


When  time  constant  *ests  are  complete,  remove  the  test  equipment  and  install 
the  sixth  hole  plug.  Insulate  the  outside  of  the  tank  with  two  layers  of 
foil-backed  riberglas  batts,  install  the  wooden  retainer  cover,  and  mound 
earth  to  a  depth  of  approximately  2  feet  over  the  entry  way. 


3.  OPERATIONAL  TESTS 


The  operation  of  the  Lamont  tank  will  be  tested  by  comparing  the  output  of  a 
seismometer  in  that  tank  with  the  output  of  a  similar  seismometer  in  a  TFSO 
tank.  For  these  tests,  the  two  horizontal  seismometers  will  both  be  oriented 
to  sense  east-west  signals.  As  both  seismometers  will  be  adjusted  to  have  the 
same  operating  parameters,  and  will  be  located  tens  of  feet  apart,  most  of 
the  differences  between  their  outputs  should  be  due  to  the  differences  in 
their  tanks.  All  three  seismometers  will  be  routinely  operated  as  a  part  of 
the  long-period  array. 


4.  REPORTS  AND  DATA 


Include  work  progress  reports  as  part  of  the  monthly  TFSO  project  report. 
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